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Payload Title: High Altitude X-Ray Detector Testbed (HAXDT) 

Payload Class:  Small  Large   (circle one) 

Payload ID: 3 

Institution: University of Minnesota – Twin Cities 

Contact Name: Seth Frick/Josiah DeLange 

Contact Phone: 651-494-8923/605-940-2769 

Contact E-mail: frick100@umn.edu/delan231@umn.edu  

Submit Date: April 24, 2015 

 

I. Mechanical Specifications:  

A. Estimated mass of the payload (not including payload plate). The uncertainty in the 

total payload mass is largely due to the estimates of the unfinished structural and 

hardware elements which could not be weighed directly. However, these estimates are 

based on SolidWorks models which take into account appropriate materials (for 

structural components); datasheets (for off-the-shelf components which have been 

ordered but not yet received); and by comparing to similar parts with known masses 

(for custom electrical components which have not yet been assembled). The uncertainty 

in the total mass represents the cumulative uncertainty in the estimates. Even in the 

worst case, the total payload mass remains within the 3 kg limit for a small payload. 

 

Structural Components and Hardware 

U-Shaped Side Panel 0.324 kg Estimated 

Access Panel 0.109 kg Estimated 

Bottom Plate  0.158 kg Estimated 

Detector Housing  0.282 kg Estimated 

Carbon Fiber Window  0.030 kg Estimated 

Detector Window Clamp 0.047 kg Estimated 

GPS Antenna Mounting Bracket 0.050 kg Estimated 

PC/104 Standoffs and Hardware 0.140 kg Estimated 

Structure Mounting Hardware 0.075 kg Estimated 
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Detector Components 

CsI(Tl) Scintillation Crystals (4) 0.575 kg Estimated 

Avalanche Photodiodes (4) 0.005 kg Estimated 

Detector Preparation Materials (Silicone, Anti-

Static Foam, etc.) 

0.080 kg Estimated 

Electrical Components 

Detector Front End (Top Board)  0.083 kg Measured 

Detector Front End (Bottom Board) 0.085 kg Estimated 

Photon Timing/Preprocessor Board 0.100 kg Estimated 

GPS and IMU Mounting Board 0.110 kg Estimated 

VectorNav VN-100 IMU 0.015 kg Measured 

NovAtel OEMStar GNSS Receiver 0.023 kg Measured 

NovAtel GPS Antenna 0.113 kg Estimated 

High Voltage Power Supply Board 0.150 kg Estimated 

VersaLogic VL-EPM-16 Tomcat Single Board 

Computer 

0.096 kg Measured 

WinSystems PPM-DC-ATX-P Power Supply 0.116 kg Measured 

Total 2.77 ± 0.20 kg Calculated 

 Table 1.  Mass budget and total payload mass including uncertainty. 

 

B. Provide a mechanical drawing detailing the major components of your payload and 

specifically how your payload is attached to the payload mounting plate 

 See Appendix for dimensioned mechanical drawings and pictures of major hardware 

 components. Included are the following: 

i. Figure A1. Mechanical drawing of bottom plate of structure. 

ii. Figure A2. Mechanical drawing of U-shaped structural wall. 

iii. Figure A3. Mechanical drawing of flat structural access panel (fourth wall). 

iv. Figure A4. Mechanical drawing of detector housing. 

v. Figure A5. Mechanical drawing of carbon fiber detector window. 

vi. Figure A6. Mechanical drawing of detector window clamp. 

vii. Figure A7. Mechanical drawing of full payload assembly. 
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viii. Figure A8. Picture of detector front end board. 

ix. Figure A9. Picture of CsI(Tl) scintillation crystal. 

x. Figure A10. Picture of VectorNav VN-100 IMU. 

xi. Figure A11. Picture of NovAtel OEMStar GNSS receiver. 

xii. Figure A12. Mechanical drawing of NovAtel GPS antenna. 

xiii. Figure A13. Picture of VersaLogic VL-EPM-16 Tomcat single board computer. 

xiv. Figure A14. Picture of WinSystems PPM-DC-ATX-P power supply board. 

C. If you are flying anything that is potentially hazardous to HASP or the ground crew 

before or after launch, please supply all documentation provided with the hazardous 

components (i.e. pressurized containers, radioactive material, projectiles, rockets…) 

No hazardous material being flown. 

D. Other relevant mechanical information 

The structure walls and detector housing are attached using 4-40 socket head cap 

screws, while the structure is attached to the HASP mounting plate with 1¼-inch long 

bolts with a ¼-inch diameter secured by a locknut. Rubber grommets sit between the 

mounting plate and structure, while washers sit between the nuts and mounting plate.  

II. Power Specifications: 

A. Estimated current draw at 30 VDC 

The payload's nominal current draw at 30 VDC was estimated using the measured 

power consumption of each of the electrical components. 

 

NovAtel OEMStar GNSS Receiver and Antenna 0.65 W Measured 

VectorNav VN-100 IMU 0.35 W Measured 

Versa Logic VL-EPM-16 Tomcat Single Board 

Computer 

3.10 W Measured 

Detector Front End Board (Top) 0.40 W Estimated 

Detector Front End Board (Bottom) 0.80 W Estimated 

Photon Timing/Preprocessor Board 0.25 W Estimated 

WinSystems PPM-DC-ATX-P Power Supply 1.50 W Estimated 

High Voltage Power Supply Board 0.50 W Estimated 

Total 7.55 ± 1.50 W Calculated 

Table 2.  Nominal power consumption for all electrical components. 
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Therefore, the anticipated nominal current draw at 30 VDC is 252 mA. The power 

consumption of most of the electrical components in the payload will fluctuate in 

varying operational and environmental conditions. However, it is expected that the 

worst-case current draw will not exceed 350 mA. This is well below the 500 mA limit 

for a small payload. 

B. If HASP is providing power to your payload, provide a power system wiring diagram 

starting from pins on the student payload interface plate EDAC 516 connector through 

your power conversion to the voltages required by your subsystems. 

Figure 1 below shows pins A-D from the EDAC 516 connector, which provide the 30 

VDC supply to our power protection and regulation circuit as schematically shown in 

Figure 2. The power is then grounded through pins T, U, W, and X on the EDAC 

connector. The nominal 30 VDC from the HASP batteries is fed into a commercial off-

the-shelf PC/104 power supply, the WinSystems PPM-DC-ATX-P. This power supply 

accepts any input in the range of 10‒50 VDC and provides stable rail voltages of 

+3.3V, +5V, +12V, and -12V.  

These voltages are distributed to the electrical components in the payload using PC/104 

stackthrough connectors. The VL-EPM-16 single board computer utilizes the +3.3V 

and +5V rails; the OEMStar GNSS receiver, VN-100 IMU, and photon 

timing/preprocessor board utilize the +5V rail; the detector front end electronics and 

high voltage power supply utilize the +12V rail; and the detector energy measurement 

circuitry (incorporated into the bottom front end board) utilizes the +5V, +12V, and      

-12V rails. The abridged datasheet for the PPM-DC-ATX-P power supply can be found 

in Appendix B. 

 

 

 

Figure 1.  HASP EDAC516 connector interface with the payload power system. 

C. Other relevant power information 

None. 
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III. Downlink Telemetry Specifications: 

A. Serial data downlink format:  Stream  Packetized (circle one) 

B. Approximate serial downlink rate (in bits per second) 

The serial link is connected at 1200 baud using 8 data bits, no parity, and 1 stop bit as 

described in the HASP Student Payload Interface Manual. The 83 byte packet outlined 

below (plus serial framing bits) will be sent once every five seconds, giving a data rate 

of 149 bps. 

C. Specify your serial data record including record length and information contained in 

each record byte. 

 

Byte Title Description 

1-2 Header Indicates beginning of data record 

3-9 GPS Time Seconds since the beginning of the GPS week 

10-18 X_Pos Earth-centered Earth-fixed, x coordinate 

19-27 Y_Pos Earth-centered Earth-fixed, y coordinate 

28-36 Z_Pos Earth-centered Earth-fixed, z coordinate 

37-45 A_Events Cumulative number of events on detector A 

46-54 B_Events Cumulative number of events on detector B 

55-63 C_Events Cumulative number of events on detector C 

64-72 D_Events Cumulative number of events on detector D 

73-78 IMU_Temp Temperature of internal chamber of payload, measured by IMU 

79-81 Error Word 16 bits used for error flags 

82-83 Footer Indicates end of complete data record 

Table 3.  Downlink data packet structure 

D. Number of analog channels being used: 0 

E. If analog channels are being used, what are they being used for? 

F. Number of discrete lines being used: 0 

G. If discrete lines are being used what are they being used for? 

H. Are there any on-board transmitters?  If so, list the frequencies being used and the 

transmitted power. 

None. 

IV. Uplink Commanding Specifications: 

A. Command uplink capability required: Yes No  (circle one) 

B. If so, will commands be uplinked in regular intervals: Yes No (circle one) 
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C. How many commands do you expect to uplink during the flight (can be an absolute 

number or a rate, i.e. n commands per hour) 

D. Provide a table of all of the commands that you will be uplinking to your payload 

E. Are there any on-board receivers?  If so, list the frequencies being used. 

The payload includes a GNSS receiver and antenna which will be programmed to 

receive the GPS L1 frequency, centered at 1575.42 MHz. 

F. Other relevant uplink commanding information. 

None. 

V. Integration and Logistics 

A. Date and Time of your arrival for integration:  

August 3, 2015, Afternoon / Evening (exact time TBD) 

B. Approximate amount of time required for integration:  

2 hours to test downlink, attach to HASP gondola, and verify data 

C. Name of the integration team leader: Seth Frick/Josiah DeLange 

D. Email address of the integration team leader: frick100@umn.edu/delan231@umn.edu 

E. List ALL integration participants (first and last names) who will be present for 

integration with their email addresses: 

Seth Frick  frick100@umn.edu 

Alec Forsman forsm054@umn.edu  

Josiah DeLange delan231@umn.edu 

John Jackson jacks974@umn.edu 

F. Define a successful integration of your payload:  

All payload systems power on, the flight computer successfully stores and downlinks 

data in a simulated flight environment, and the payload resets and continues to collect 

data under the same simulated conditions. Background data is collected by all four 

detectors and saved by the flight computer, with reasonable count rates and energy 

levels observed, suggesting proper operation and configuration of the systems. The 

IMU and GNSS receiver are verified as operational and collect reasonable data. 

During the thermal/vacuum testing, GPS and temperature data will be extracted from 

the downlinked data packets and plotted to examine loss of data. After the test, data 

from the detectors which was stored on the single board computer’s Compact Flash 

card will be examined. If no data loss occurs and the data values (background count 

rates and energy levels) are within reasonable ranges, then it is assumed the payload is 

functioning properly and the integration is a success. 
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G. List all expected integration steps: 

i. Power on payload and monitor internal system LED’s to verify proper 

operation. 

ii. Collect data for 15 minutes. 

iii. Disconnect power and review data to ensure proper data collection. 

iv. Troubleshoot any issues and repeat steps ii – iii if necessary. 

v. Weigh payload to ensure it does not exceed 3kg. 

vi. Attach payload to HASP mock-up. 

vii. Provide power and monitor current draw as well as downlink telemetry. 

viii. Troubleshoot any issues and repeat steps i – vii if necessary. 

ix. Attach payload to HASP gondola. 

x. Connect EDAC 516 and RS-232 interfaces to payload. 

xi. Perform thermal/vacuum testing. 

xii. Troubleshoot any issues found during thermal/vacuum test. 

xiii. Repeat thermal/vacuum test if necessary. 

xiv. High-five team members for a job well done. 

H. List all checks that will determine a successful integration: 

i. Payload successfully interfaces with HASP gondola. 

ii. Payload powers on. 

iii. Power can be turned on and off to reset system. 

iv. Payload successfully stores data. 

v. Payload successfully transmits status packets. 

vi. Payload operates (remains on, stores, transmits data, and resets) in simulated 

environment. 

vii. Status packets are analyzed and no data loss has occurred during operation. 

I. List any additional LSU personnel support needed for a successful integration other 

than directly related to the HASP integration (i.e. lifting, moving equipment, hotel 

information/arrangements, any special delivery needs…): 

None anticipated. 

J. List any LSU supplied equipment that may be needed for a successful integration: 

None required. 
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Appendix A: Dimensioned Mechanical Drawings and Pictures of Major 

Components 

 

i. Figure A1. Mechanical drawing of bottom plate of structure. 

ii. Figure A2. Mechanical drawing of U-shaped structural wall. 

iii. Figure A3. Mechanical drawing of flat structural access panel (fourth wall). 

iv. Figure A4. Mechanical drawing of detector housing. 

v. Figure A5. Mechanical drawing of carbon fiber detector window. 

vi. Figure A6. Mechanical drawing of detector window clamp. 

vii. Figure A7. Mechanical drawing of full payload assembly. 

viii. Figure A8. Picture of detector front end board. 

ix. Figure A9. Picture of CsI(Tl) scintillation crystal. 

x. Figure A10. Picture of VectorNav VN-100 IMU. 

xi. Figure A11. Picture of NovAtel OEMStar GNSS receiver. 

xii. Figure A12. Mechanical drawing of NovAtel GPS antenna. 

xiii. Figure A13. Picture of VersaLogic VL-EPM-16 Tomcat single board computer. 

xiv. Figure A14. Picture of WinSystems PPM-DC-ATX-P power supply board. 
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Figure A1. Mechanical drawing of the bottom plate of the structure with dimensions in 

centimeters. This plate attaches to the HASP mounting plate using ¼-inch diameter bolts and 

serves as the anchor for the U-shaped wall and access panel (see Figure A2, A3 respectively). 
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Figure A2. Mechanical drawing of the U-shaped load bearing structural wall with dimensions in 

centimeters. This wall is bent from a single sheet of 5052-H32 aluminum. The cut-out in the wall 

will accommodate the Compact Flash card on the VL-EPM-16 single board computer, which 

extends well beyond the board footprint. A small cover will be placed over the card to ensure 

retention of the card during the flight. The HASP power and downlink signals will also be routed 

through a connector in this wall, which is not shown here. The walls will have an outer cross 

section of 10x10 cm in order to simulate CubeSat constraints.  
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Figure A3. Mechanical drawing of the access panel and structural wall for the 2015 payload, 

with dimensions in centimeters. The cut-outs in the panel will accommodate the RJ-45 connector 

on the VL-EPM-16 single board computer, used for programming and debugging through an 

SSH interface; the USB connectors on the GPS and IMU mounting board, which allow for direct 

configuration and debugging of each of these devices independent of other payload systems; and 

the USB connector on the timing/preprocessor board, which allows for programming and 

debugging of the ATmega2560 microcontroller which is used for photon timestamping and 

buffering. This entire panel can also be easily removed to allow for access to all payload systems 

as necessary. 
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Figure A4. Mechanical drawing of the detector housing with dimensions in centimeters. The 

housing will be supported by the U-wall and access panel during flight by screws affixing the 

housing to the walls through the lower set of holes. The housing consists of four independent 

detector cells. Further, all of the electrical components are suspended from the detector housing 

using PC/104 standoffs. In order to closely mimic CubeSat standards, the detector housing 

measures 10x10 cm in its outer cross section.  
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Figure A5. Mechanical drawing of detector window, made from carbon fiber. This window sits 

immediately above the detectors in the housing, and minimizes attenuation in the energy bands 

of interest. The window “floats” between the detector housing and the window clamp, each made 

of aluminum. The lack of rigid attachment between the carbon fiber and aluminum parts is meant 

to prevent failure due to the significantly different rates of thermal expansion and contraction 

between the two materials. 
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Figure A6. Mechanical drawing of detector window clamp. This part will sit inside the detector 

housing, above the detector window, and will hold the window in place without the need for 

rigid attachment of the carbon fiber. It will also serve to press the window into the detectors, 

holding them firmly in place in their foam-lined enclosures in the detector housing. 
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Figure A7. Mechanical drawing of the full payload assembly with dimensions in centimeters. 

The access panel is hidden in this viewing, showing the full stack of electrical components 

suspended from the detector housing. The GPS antenna mounting configuration is also shown, 

although the mounting bracket design is not finalized. The placement of the antenna at a 45 

degree angle maintains good satellite visibility while preventing any part of the payload from 

entering the Keep-Out Area on the HASP payload plate, as well as minimizing line of sight 

obstruction from the payload itself. The antenna could not be mounted on the zenith end of the 

payload directly, as this would attenuate the photon signals observed by the detectors. 
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Figure A8. Custom-designed four-channel detector front end board, with dimensions in 

centimeters. This board will house the Amptek A225 charge-sensitive preamplifier chips (not 

populated here). A second front end board, not yet completed, will house both the Amptek A206 

amplifier/discriminator chips and the peak detector circuits for photon energy measurement. 

 

Figure A9. Thallium-doped cesium iodide scintillation crystal with dimensions in centimeters. 

One of these crystals will be used in each of the four detectors. 
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Figure A10. VectorNav VN-100 IMU, shown sitting on top of a PC/104 prototype board for 

scale. 

 

Figure A11. Novatel OEMStar GNSS receiver with dimensions in centimeters. 
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Figure A12. NovAtel GPS antenna. 
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Figure A13. VersaLogic VL-EPM-16 Tomcat single board computer with dimensions in 

centimeters. The RJ-45 connector is seen on the upper left, and the Compact Flash card slot is on 

the bottom of the image. 
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Figure A14. WinSystems PPM-DC-ATX-P power supply board with dimensions in centimeters. 
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Appendix B: WinSystems PPM-DC-ATX-P Power Supply Datasheet 
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